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NOVEL TRIAZOLO PYRIMIDINE COMPOUNDS 

The present invention relates to a pyrimidine compound useful as a pharmaceutical 
intermediate, to a process for preparing said pyrimidine compound, to intermediates used 
in said process, and to the use of said pyrimidine compound in the preparation of 
pharmaceuticals. 

The present invention provides a compound of formula (I): 

CI 



HO 




The present invention also provides a process for preparing a compovmd of formula 
(I), comprising reacting a compoxmd of formula (II): 

CI 



with a salt of a compound of formula (III): 



(II) 



(III) 



^ c 



in the presence of a suitable base (such as an alkali metal hydroxide (such as sodium or 
potassium hydroxide) a tertiary amine (such as a tri(Ci.6 alkyl)amine, for example 
triethylamine)), a suitable solvent (such as an alcohol, such as an aliphatic alcohol 
containing from 1 to 6 carbon atoms, for example ethanol), preferably at a temperature in 
the range 100-150°C and, where necessary (for example when the temperature exceeds the 
boiling point of the solvent), in a sealed system imder autogenic pressure. 
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A suitable salt of a compound of fonnula (III) is a salt of a minei-al or organic acid. 
Suitable mineral acids include hydrochloric, hydrobromic, hydroiodic, nitric or sulphuric 
acid. A suitable organic acid is, for example, an organic achiral acid such as acetic, 
trifluoroacetic, oxalic or p-toluenesulphonic acid, or an organic chiral acid such as L- 
tartaric acid, dibenzoyl-L-tartaric acid or di-p-toluoyl-L-tartaric acid. 

In another aspect the present invention provides a process for preparing a 
compound of fonnula (I) comprising hydrogenating a compound of formula (IV): 



wherein Ar is phenyl optionally substituted by halogen, Ci^ alkyl or Ci^ alkoxy; to give a 
compound of formula (II), and reacting the compound of formula (II) with a compound of 
formula (III) (as described above) to provide the compound of fomiula (I). 

The hydrogenation is preferably conducted using a hea^^ metal catalyst (such as 
platinum on carbon), in a suitable solvent (such as a Cue aliphatic alcohol, for example 2- 
propanol (iso-propanol)), at a suitable temperature (such as 10-70°C, for example 20-50^C) 
and at a suitable pressure (such as 1-5 bar, for example about 3 bar). 



A compound of formula (IV) can be prepared by chlorinating a compound of 
fonnula (VIE): 



wherein Ar is as defined above, with a suitable chlorinating agent (such as phosphorus 
oxychloride) in the presence of a suitable nitrogen containing base (such as triethylamine, 
especially pyridine) and at a suitable temperature (such as in the range 50°C to the boiling 
point of phosphorus oxychloride; for example 70 to 90°C). A compound of fonnula (VIII) 
can be prepared by routine adaptation of literature methods. 

In a further aspect the present invention provides a process, as hereinbefore 
described, for the preparation of a compound of formula (11). 




OH 
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The compound of formula (I) can be used to prepare the pharmaceutical compound 
of formula (A): 




HO OH 

as described below. 

5 Thus, a compound of formula (A) can be prepared by deprotectmg a compound of 

formula (V): 




for example using a strong mineral acid (such as hydrochloric acid) in a suitable solvent 
(such as methanol or ethanol). 
10 A compound of formula (V) can be prepared by coupling a compound of formula 

(VI) {or a salt thereof (such as a mandelate salt) from which the compound of formula (VI) 
is generated in situ}:, with a compound of formula (VII): 
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for example in the presence of a suitable base (such as a tertiary amine, such as a tri(Ci-6 
alkyl)amine, for example triethylamine) and a suitable solvent (for example a polar 
solvent, such as an alcohol (such as an aliphatic alcohol containing from 1 to 6 carbon 
atoms, for example ethanol) or a nitrile (such as acetonitrile)) and at a smtable temperature 
(such as a temperature in the range 10-40^Cs for example ambient temperature). 

A compoimd of formula (VII) can be prepared by reacting a compoimd of formula 
(I) with an alkali metal nitrite (such as NaN02) or an organic nitrite (for example iso-amyl 
nitrite) in the presence of a suitable acid (such as acetic acid) and a sidtable solvent (such 
as water or a mixture of water and acetic acid) and at a smtable temperature (such as a 
temperature in the range —1 0 to 1 5°C, for example —1 0 to 1 0°C). 

Thus, in a further aspect the jpresent invention provides the use of the compound of 
formula (I) in a process for the preparation of the compound of formula (A). 

A salt of a compound of formula (III) can be prepared by reacting a compound of 
formula (III) with the necessary acid in a suitable solvent (such as water, an aliphatic 
alcohol containing 1 to 4 carbon atoms (for example ethanol) or a simple ester (such as . 
ethyl acetate)) at a suitable temperature (such as from 10 to eC^C, for example 30 to 50°C). 

A compound of formula (III) can be prepared by deprotecting a compound of 
formula (IX): 




for example by hydrogenation {such as with a heavy metal catalyst (such as palladium on 
carbon) in the presence of a solvent (such as an aliphatic alcohol containing 1 to 4 carbon 
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atoms, for example ethanol) at ambient temperature at a suitable pressure (such as 1 to 3 
bar, for example 1 .0 to 1 .5 bar)} . 

A compound of fomiula (IX) can be prepared by reducing a compound of foraiula 



wherein R* is Cm alkyl (preferably ethyl), such as with a suitable borohydride (for 
example an alkali metal borohydride, such as lithium borohydride), lithium 
alumimuinh3^dride or DIBAL-H in a suitable polar solvent (such as tetrahydrofuran). 

A compovmd of formula (X) can be prepared by reacting a compound of formula 



with a suitable compound L-CH2CO2R* {wherein R* is C1-4 alkyl (especially ethyl); and L 
is a leaving group, especially halogen (for example bromo)}, in the presence of a suitable 
polar solvent (such as tetrahydrofliran) and in the presence of a suitable base (such as 
potassium tCTt-butoxide, sodium hydride or a C\.e alkyl lithium species). 

A compound of fomiula (XI) can be prepared by reacting a compound of formula 



(X): 




(XI): 




(XII): 




(Xll) 



with benzyl chloroformate in the presence of a suitable base (such as potassium carbonate) 
and a suitable solvent (such as a ketone (for example 4-methyl-2-pentanone) or a 
hydrocarbon (for example toluene)). 
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In a still further aspect the present invention provides a process for the preparation 
of a salt of a compound of formula (III) as hereinbefore described. 

In further aspects the present invention provides an intermediate compound of 
formulae (n), (W), (VII), (VIII), (X) or (XI), or a salt of a compound of formula (III). 

The following Examples illustrate the invention. 

EXAMPLE 1 

This Example illustrates the preparation of 2-{[(3aJ?,4iy,6i?,6aS)-6-amino-2,2-. 
dimethyltetrahydro-3aff-cyclopenta[<fj[l,3]-dioxol-4-yl]oxy}-l-ethanol, L-tartaric acid salt 
(1:1). 

Step a: Preparation of [3aS-(3aa,4a56a56aa)]-[tetrahydro-6-hydroxy-2,2-dimethyl-4H- 
cyclopenta-l,3-dioxol-4-yl]-carbamic acid, phenylmethyl ester. 

Potassium carbonate (39.3g) was added to a suspension of [3aR-(3aa,4a,6a,6aa)]- 
6-amino-tetrahydro-2,2-dimethyl-4H-cyclopenta"l,3-dioxol-4-ol, hydrochloride, (prepared 
as described in WO 9905142) (27. Ig) in 4-methyl-2-pentanone (500ml). Water (150ml) 
was then added followed by dropwise addition of benzyl chloroformate (23. Ig). The 
reaction mixture was stirred at room temperature for 4 hours before the organic phase was 
separated. The aqueous phase was extracted wilh 4-methyl-2-pentanone (2x50ml). The 
combined organics were concentrated and the residue was purified (SiOs, 
dichloromefhaneimefhanol, 95:5 to 90:10 as eluant) to give the subtitle compound 
(39.23g). 

NMR (CDCI3) 5 7.32 (5H, m), 5.65 (IH, br s), 5.10 (2H, br s), 4.59 (IH, d), 
4.48 (IH, d), 4.27 (IH, m), 4.19 (IH, br m), 2.24 (IH, br s), 1.69 (IH, d), 1.41 (3H, s), 1.26 
(3H, s). 

Step b: Preparation of [3aS-(3aa,4a,6a,6aa)]-[2,2-dimethyl-6-(2-hydroxyethoxy)- 
tetrahydro-4H-cyclopenta-l,3-dioxol-4-yl]-carbamic acid, phenylmethyl ester. 

Potassium tert-butoxide (3.6g) in tetrahydrofuran (20ml) was added over 5 minutes 
to a solution of the product from Step (a) (39.23g) in tetrahydrofuran (200ml). After 15 
minutes, ethyl bromoacetate (3.7ml) in tetrahydrofuran (10ml) was added dropwise. The 
mixture was stirred at 0°C for 10 minutes, then further ethyl bromoacetate was added 
(3.7ml x4). The reaction mixture was stirred at 0°C a further 2 hours. 
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Lithium borohydride (2.79g) was then added portionwise to the reaction mixture 
which was then stirred at <5°C for 16 hours. Glacial acetic acid (23g) was added dropwise 
to the cold mixture. After stirring for 30 minutes, water (100ml) was added dropwise and 
the resulting mixture was stirred for 30 nninutes. The phases were then separated and the 
aqueous phase was extracted with ethyl acetate. The combined organics were washed with 
saturated sodium bicarbonate and brine, dried and concentrated. The residue was purified 
(Si02, ethyl acetaterhexane, 25:75 to 50:50 as eluant) to give the subtitle compound 
(38.6g). 

MS (APCI) 2 1 8 (M+H"", 1 00%). 

Step c: Preparation of [3aR-(3aa,4a,6a,6aa)]-2-[[6-"amino-2,2-dimethyl-tetrahydro-4H- 
cyclopenta-l,3-dioxol-4-yl]oxy]-ethanol (alternatively named: 2-{[(3aR54S,6R,6aS)-6- 
amino-2,2-dimethyltetrahydro-3 aH-cyclopenta[d] [1,3] -dioxol-4-yl]oxy } - 1 -ethanol) . 

A slurry of 5% palladium on charcoal (4g) in ethanol was added to a solution of the 
product from Step (b) (39.96g) in ethanol (250ml) and the mixture was hydrogenated at 1.2 
bar for 20 hours. The catalyst was filtered off and the filtrate was concentrated to give the 
subtitle compound (23.65g). 

MS (APCI) 160 (M+H^ 100%). 

Step d: Preparation of [3aR-(3aa,4a,6a,6aa)]-2-[[6-amino~2,2-dimethyl-tetrahydro-4H- 
cyclopenta-l,3-dioxol-4~yl]oxy]-ethanol L tartrate (alternatively named: 2- 
{[(3aR,4S,6R,6aS)-6-amino-2,2-dimethyltetrahydro-3aH-cyclopenta[d][l,3]-dioxol-4- 
yl]oxy}-l -ethanol, L-tartaric acid salt (1:1)). 

A stirred solution of the product obtained in Step (c) (545g) in ethanol (3.81) was 
heated to 35°C. L-tartaric acid (352g) was added (temperature rise to 45°C) and the mixture 
was stirred at 40 - 45°C for 1 h. The mixture was cooled to 20°C and the resulting thick 
slurry stirred for 16 h then filtered. The collected solid was washed with two portions of 2- 
propanol (300ml3 then SOOml), sucked dry then dried in vacuo at 40°C to give the product 
as white crystals (728g). 



EXAMPLE 2 
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This Example illustrates the preparation of ^7-fl/7.s-(li?,2iS)-2-(3,4-difluorophenyl)- 
cyclopropylamine, R-mandelate salt (alternatively named ^ra/75'-(li2,26)-2-(3,4- 
difluorophenyl)cyclopropanaininium (2i?)-2-hydroxy-2-phenylethanoate. 

Step 1 : Preparation of (E)-3-(354-difluorophenyl)-2-propenoic acid. 

A stirred mixture of pyridine (15.5kg) and piperidine (0.72kg) were heated to 90°C. 
Malonic acid (17.6kg) was added, followed by slow addition, over 50 minutes, of 3,4- 
difluorobenzaldehyde (12.0kg). The reaction mixture was stirred at 90''C for a further 4 
hours and 36 minutes. Water (58.5kg) was added and 32 litres of the pyridine/water 
mixture then was distilled out of the reactor under reduced pressure. The reaction mixture 
was acidified to pH 1 with 37% hydrochloric acid (6.4kg) over a 40 minute period, then 
cooled to 25 °C with strong stirring. The solids were collected by filtration, washed twice 
with 1% hydrochloric acid (34.8 L per wash), once with water (61 L) and then deliquored 
thoroughly in the filter. The product was then dried under vacutma at 40°C for 24 hours and 
40 minutes, affording 13.7kg of the crystalline product. 

Step 2 : Preparation of (F)-3 -(3, 4-difluorophenyl)-2-propenoyl chloride. 

A stirred mixture of (£')-3-(3,4-difluorophenyl)-2-propenoic acid (8.2 kg), toluene 
(7.4kg) and pyridine (0.18kg) was heated to 65^C and then thionyl chloride (7.4kg) was 
added over 30 minutes. The reaction was stirred for a further 2h 15 minutes after the 
addition was complete, then diluted with toluene (8.7kg). Excess thionyl chloride, sulfur 
dioxide and hydrogen chloride were then distilled out, together with toluene (10 L), under 
reduced pressure, yielding a solution of the (J5;)-3-(3,4-difiuorophenyl)-2-propenoyl 
chloride (approximately 9kg) in toluene. 

Step 3 : Preparation of (li2,2iS',5/?)-2-isopropyl-5-methylcyclohexyl (£)-3-(3,4- 
difluorophenyl)-2-propenoate. 

A solution of L-menthol (7. 1kg) in toluene (8.5kg) was added over a 20 minute 
period to the solution of (£)-3-(3,4-difluorophenyl)-2-propenoyl chloride (prepared as in 
Step 2) and pyridine (0.18kg, 2.28 mol) stirring at 65°C. The reaction mixture was stirred 
at 65 °C for a further 4 hours and 40 minutes after the addition was complete, then cooled 
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to 25°C and stirred for a 14 hours. The solution was diluted with toluene (16kg), washed 
with 5% aqueous sodium chloride (6.4kg)5 then 6% sodium hydrogen carbonate (6.47kg), 
then water (6.1kg). The solution was dried azeotropically by distillation of the solvent (20 
L) under reduced pressure. Dunethyl sulfoxide (33.9kg) was added and the remaining 
toluene was distilled off under reduced pressure, affording 47.3kg of a solution of 
(li?525'55i2)-2-isopropyl-5-methylcyclohexyl (^-3-(3,4-difluorophenyl)-2-propenoate 
(approx. 13.3kg) in dimethyl sulfoxide. 

Step 4: Preparation of dimethylsulfoxonium methylide (dimethyl(methylene)oxo-A,^- 
sulfane. 

Sodium hydroxide powder (1 .2kg), prepared by milling sodium hydroxide pellets in 
a rotary mill through a 1mm metal sieve, and trimethylsulfoxoniimi iodide (6.2kg) were 
stirred in dimethyl sulfoxide ( 25.2kg) under a nitrogen atmosphere at 25°C for 90 min. 
The solution was used directly in the preparation of (li2, 25, 5i?)-2-isopropyl-5- 
methylcyclohexyl ^7'an.s'-2-(3,4-difluorophenyl)cyclopropanecarboxylate, 

Step S: Preparation of (li?, 2S, 5i?)-2-isopropyl-5-methylcyclohexyl /7'a;75'-2-(3,4- 
difluorophenyl)cyclopropanecarboxylate. 

A solution of (li2,25',5i2)-2-isopropyl-5-methylcyclohexyl (jBr)-3-(3,4- 
difluorophenyl)-2-prbpenoate (approximately 8.6kg) in dimethyl sulfoxide (approximately 
27.9kg) was added with stirring over 20 minutes to a mixture of dimethylsulfoxonium 
methylide (approximately 2.6kg, prepared as described above), sodium iodide 
(approximately 4.2kg), water (approximately 500g) and sodium hydroxide (approximately 
56g) in dimethylsulfoxide(27.7kg) at 25''C. The reaction mixture was stirred for a further 2 
hours and 50 minutes at 25°C, then used directly for the preparation of {IR^IS^SR)-!^ 
isopropyl-5-methylcyclohexyl trans-{ 1 jR,2/?)"2-(3,4- 
difluorophenyl)cyclopropanecarboxylate. 

Step 6 : Preparation of (li?,25',5i?)-2-isopropyl-5-methylcyclohexyl ^ra7t5'-(ljR,2i?)-2-(3,4- 
difluorophenyl)cyclopropanecarboxylate 

A crude solution of (li?, 25', 5i?)~2-isopropyl-5-methylcyclohexyl rra77^-2-(3,4- 
difluorophenyl)cyclopropanecarboxylate produced as described in step 5 was heated with 
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stirring from 25°C to 50°C over a 1 hour period and the temperature was maintained for a 
further hour. The mixture was then cooled with stirring from 50°C to 35^C over 4 hours, 
kept at 35°C for 1 hour, then cooled to 26°C over 4 hours, kept at 26°C for 1 hour, then 
cooled to 19*^C over 3 hours and kept at 19®C for 5 hours and 10 minutes. The product was 
collected by filtration, affording a crystalline solid (2.7kg) which was shown to contain a 
mixture of (li;,25',57?)-2-isopropyl-5-methylcyclohexyl ^''a/75'-(17?,27?)-2-(3,4- 
difluorophenyl)cyclopropanecarboxylate (1.99 kg) and (lig,26'.5ig)"2"isopropyl-5- 
methylcyclohexyl tr-ans-^ 1 S,2S)-2-(3 ,4-difluorophenyl)cy clopropanecarboxylate (85g). 

Step 7: Preparation of trans-ilR, 2i?)-2-(3,4-difluorophenyl)cyclopropanecarboxylic acid. 

(li?,2S',5i2)-2-isopropyl-5-methylcyclohexyl ^7'-a«5'-(li2,2i?)-2-(3,4-difluorophenyl)- 
cyclopropanecarboxylate (9.6kg, 91.8% diastereomeric excess) was dissolved in efhanol 
(13.8kg) and heated with stirring to 46°C. 45% aqueous sodium hydroxide (3.1kg) was 
added over a 20 minute period and the mixture was stirred for a fiirther 2 hours and 27 
minutes. Solvent (28 L) was distilled out of the mixture under reduced pressure, then the 
mixture was cooled to 24''C and diluted with water (29.3kg), after which the liberated 
menthol was extracted into toluene (3 washes of 3.3kg each). The remaining aqueous 
material was acidified to pH 2 with 37% hydrochloric acid (3.3 L) and the product was 
extracted into toluene (8.6kg, then 2 more washes of 4.2kg and 4.3kg). The combined 
toluene extracts were washed with 1% hydrochloric acid (4.9 L), then diluted with further 
toluene (4.2kg) and azeotropically dried by distillation of the solvent (25 L) under reduced 
pressure. A final dilution with toluene (24.2kg) was followed by distillation of the solvent 
under reduced pressure (10 L) affording a solution containing traiis-ilR, 27?)-2-(3,4- 
difluorophenyl)cyclopropanecarboxylic acid ( approximately 3.45kg) suitable for the 
production of tj^-ans-^lR, 2i?)-2-(3,'4-difluorophenyl)cyclopropanecarbonyl chloride. 

Step 8: Preparation of tfans-Q.R, 2i?)-2-(354-difluorophenyl)cyclopropanecarbonyl 
chloride. 

Pyridine (70ml) was added to a solution of /rara-(ljR, 2i?)-2-(3,4- 
difluorophenyI)cyclopropanecarboxylic acid (approximately 3.45kg) in toluene 
(approximately 12 -15kg) ), prepared as described above and the mixture was then heated 
to 65 "C. Thionyl chloride (2.3kg) was added over a period of 1 hour and tiie mixture w^as 
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Stirred at 70°C for 3 hovirs. Thionyl chloride (0.5kg) was added and the mixture was stirred 
a further 2 hours at 70°C. A final aliquot of thionyl chloride (0.5kg) was added and the 
reaction mixture was stirred for 1 hour at lO^C, then cooled to 40'*C. Periodic additions of 
toluene (45kg5 3 additions of 15kg each) were made during distillation of solvent 
(approximately 60 L) from the mixture under reduced pressure^ then the solution of U'-ans- 
(IR, 2if)-2-(3,4-difluorophenyl)cyclopropanecarbonyl chloride (approximately 3.8kg) in 
toluene (approximately 6-9 L) was cooled to 20°C. 

Step 9: Preparation of trans-ilR^ 2if)-2-(3,4-difluorophenyl)cyclopropanecarbonyl azide. 

A solution of tranS'-{lR^ 2i?)-2-(3,4-difluorophenyl)cyclopropanecarbonyl chloride 
(approximately 3.8kg) in toluene (approximately 6-9 L), prepared in Step 8, at TC was 
added over a period of 74 minutes to a mixture of sodium azide (1 .24kg), 
tetrabutylammonium bromide (56g) and sodium carbonate (922g) in water (6.2kg), stirring 
at 1.5°C. The mixture was stirred at O'C for 1 hour and 55 minutes, then the aqueous layer 
was diluted with cold water (3.8kg), stirred briefly, then separated. The toluene layer was 
washed once more at CC with water (S.Skg), then with 20% aqueous sodium chloride (3.8 
L), then stored at 3"C for further use. 

Step 10: Preparation of ^/-a/w-(17f,25)-2-(354"difluorophenyl)cyclopropylamine. 

A cold solution of trans-{\R^ 2i?)-2-(3,4-difIuorophenyl)cyclopropanecarbonyl 
azide prepared as described in Step 9 was added over a period of 41 minutes to toluene 
(6.0kg) stirring at 100°C. The mixture was stirred for a further 55 minutes at lOOX, then 
cooled to 20°C and added over a period of 2 hours and 15 minutes to hj^drochloric acid 
(SM, 18.2kg) stirring at 80'C. After 65 minutes the solution was diluted with water (34kg) 
and cooled to 25 °C. The toluene layer was removed and the aqueous layer was basified to 
pH 12 with 45% aqueous sodium hydroxide (3.8kg) and the product was then extracted 
into ethyl acetate (31kg) and washed twice with water (13.7kg per wash), affording a 
solution containing ^7-^3[«^-(li2,25)-2-(3,4-difluorophenyl)cyclopropylamine (2.6kg, 91.8% 
enantiomeric excess) in ethyl acetate (29.5 L). 

Step 11: Preparation of ^7'-(2/i5'-(li?,25)"2-(3,4-difluorophenyl)cyclopropanaiiiinium (2i?)-2- 
hydroxy-2-phenylethanoate. 
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i?-(-)-Mandelic acid (2.26kg) was added to a solution containing trans-ilR^lS)-!- 
(3,4-difluorophenyl)cyclopropylamine (2.6kg, 91.8% enantiomeric excess), stimng at IT^'C 
in ethyl acetate (45.3 L). The mixtiore was stirred at 25'C for 3 hours and 8 minutes^ then 
filtered and washed twice with ethyl acetate (13.8kg total) The crystalline product was 
dried at 40''C under reduced pressure for 23 hours, affording /7-aw5'-(li252*S)-2-(3,4- 
difluorophenyO-cyclopropanaminiuin (2i2)-2-hydroxy-2-phenylethanoate (4.45kg). 



This Example illustrates the preparation of 456-dichloro-2-(propylsulfanyl)-5' 
P)aimidinamine. 

Step 1 : 4,6-Dihvdroxv-2-(propvlsulfanyl)pyrimidine. 

OH 



Water (670ml) was added to 2-thiobarbituric add (200 g). The resulting mixture 
was stirred and sodium hydroxide (126.3g) was added in portions. The mixture was stirred 
for 40 min. then diluted with water. l-Methyl-2-pyrrolidinone (400 ml) and 1-iodopropane 
(140.9ml) were then added. The resulting slurry was stirred at 20°C for 22h. The pH of the 
mixture was then adjusted to 6.5 by addition of IM HCl (600ml) over 30 min, then to pH 
2.5 by the addition of 6 M HCl (1 80ml) over a farther 30 min. The resulting slurry was 
stirred forlSh and the product was isolated by filtration and washed successively with 
water (4 X 100ml), ethanol (200ml) and water (2 X 200ml). The product was dried under 
reduced pressvire overnight at 50°C to yield the title product as a white powder (185g). 

Step 2: 4,6-Dihydroxy-5-[(E) -2-(4-me1iLylphenyl)diazenyl]-2-(propylsidfanyl)pyrimi 



EXAMPLES 





HO 



N 



S 
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Ethanol (25ml), 4,6-dihydroxy-2-(propylsulfanyl)pyrimidine (Step 1; 5g) and water 
(25 ml) were stirred together at room temperature. Sodiinn hydroxide (L02g) was added 
and a clear solution obtained. The resulting solution was cooled to O^C and then sodium 
acetate (9.42g) was added to give Solution A. 

In a separate vessel, a solution of p-tolmdine (3.01 g) in water (10 ml) was prepared. 
To this was added concentrated hydrochloric acid (37% w/w aqueous soultion; 8.45 ml). 
The resulting mixture was cooled to 0°Q and a solution of sodium nitrite (2.16g) in water 
(10ml) was cooled to 0°C and added dropwise to the toluidine - containing reaction 
mixture over 30 minutes. The temperature during the addition was kept between 0 and 5°C, 
The resulting mixture was cooled to 0°C and added to the cold (0°C) Solution A (the 
temperature rose to S'^C). The resulting yellow suspension was stirred overnight and the pH 
of the mixture was adjusted to pH 1 by addition of 6 M HCL The mixture was filtered and 
the collected product washed with water (25ml) ethanol (10ml). The product was dried 
under reduced pressure at 50^*0 over 24 h to give the product as a yellow solid (6.97g). 

Step 3: 4,6-DicMoro-5"[(EV2-(4-methylphenyl)diazenyl]-2-(propylsiilfanyl)py^ 




Pyridine (2.58ml) was added to a stirred, heated (TO^'C) slurry of 4,6-dihydroxy-5- 
-[(E) -2-(4-methylphenyl)diazenyl]-2-(propylsulfanyl)pyrimidine (Step 2, 5g) in toluene 
(15ml). Phosphorous oxychloride (18.7ml) was added dropwise to the mixture over 15 min 
(exotherm to 94°C). The reaction mixture was heated for a further 4.5 h then evaporated. 
The residue was azeotroped twice with toluene (2 x 30ml). The residue was dissolved in 
toluene (50 ml) and filtered to remove some solids. The collected solid was washed with 
toluene and the combined filtrates washed with water (30ml) and saturated aqueous sodium 
bicarbonate solution (30ml). Evaporation gave the title product (4.98g) as a red oil that 
slowly crystallised on standing. 
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Step 4: Preparation of 456-dicMoro-2-(propylsulfanyl)-5-pyruiiidinaiiiine. 

Ct 

A stirred solution of 4,6-dichloro-5-[(E)-2-(4-methylphenyl)diazenyl]-2- 
(propylsulfanyl)pyrimidine (Step (3), 1.1kg) in 2-propanol (16.6kg) was hydrogenated for 
Ih at 40''C/3.2 bar over a platinum on carbon catalyst (0.81kg, 50% w/w Pt/C). The 
hydrogen gas pressure was released and the reactor flushed with nitrogen. The reaction 
mixture was filtered. The collected solid was washed with 2-propanol (1.7kg) and the 
combined filtrates were concentrated under reduced pressure. The residual oil was cooled 
to 20°C and dissolved in elhyl acetate (5kg) and water (5.51) was added. The pH of the 
stirred mixture was adjusted to pH 2 by the addition of 3M aqueous hydrochloric acid 
(800ml). The phases were allowed to separate and the aqueous phase was discharged. 
Water (2.751) was added to the organic phase and the pH was adjusted to 2 by the addition 
of a small amount of 3M HCl (45 ml). The aqueous phase was separated and the organic 
phase concentrated under reduced pressure at SO-SO^C, to give 456-dichloro-2- 
(propylsulfanyl)-5-pyrimidinamine as a reddish viscous oil containing ethyl acetate that 
was dissolved in ethanol (8.5kg). Solvent (6.51 of ethanol/ethyl acetate) was then removed 
by distillation at reduced pressure. A further portion of ethanol (4.5kg) was added to the 
residue and the distillation repeated to remove 6.5 1 of solvent. The ethanol solution of the 
product was used without further purification in the following step. 

EXAMPLE 4 

This Example illustrates the preparation of [15'-[lcc,2a,3p(15*,2i?*),5p]]-3-[7-[2- 
(3,4-difluorophenyl)cycIopropyl-ainino]-5-(propyltMo)-3jff-l,2,3-triazolo[4,5-^pyrimi 
3-yl]-5-(2-hydroxyefhoxy)cyclopentane-l,2-diol (alternatively named (lS,2S,3R,5S)-3-[7- 

{ [( 1 R,2S)-2-(3 ,4-difluorophenyI)cy clopropyl] amino } -5 -(propylsulfanyl)-3H- 
[ 1 ,2,3 ] triazolo [4, 5-d]pyrimidin-3 -yl] -5 -(2-hydroxyethoxy)- 1 ,2-cy clopentanediol) . 
Sten 1: Preparation of [3aR-(3aa,4a56a,6aa)]-2-[[6-[[5-amino-6-chloro-2-(propylthio)-4- 
pyriniidinyl]amino]tetrahydro-2,2-dimethyl-3 a/y-cyclopenta[(fl[l ,3]dioxol-4- 
yl]oxy]ethanol (alternatively named 2-[((3a/?54S'56i?,6ay)-6-{[5-amino-6-chloro-2- 
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(propylsulfanyl)-4-pyriiTiidmyl]aiXLmo } -2,2-dimethyltetrahydro-3 ai?- 
cyclopeiita[<f|[l 53]dioxol-4-yl)oxy]-l -ethanol). 

ci 




The ethanolic solution of 456-dicMoro-2-(propylsulfanyl)-5-pyruTiidmamm 
(prepared as in Example 3, Step 4) was added to 2-{[{3aR^4S^6R^6aS)-6-annn.O'2y2'' 
diiTiethyltetrahydro-3a//-cyclopenta[d][l53]-dioxol-4"yl]oxy}-l-e1han L-tartaric acid salt 
(1:1) (1.18kg). To the resulting stirred thick slurry was charged triethylamine (0.95kg) 
maintaining the temperature between 20 and 25 °C. The reactor was sealed and the 
temperature increased to 120-125°C. The reaction mixture was kept within this 
temperature range for 30h5 then cooled to IS'^C, and the pressure released. The temperature 
of the mixture was adjusted to 50°C and the solvent distilled off under reduced pressure at 
30 to 40'*C. Ethyl acetate (4.95kg) and water (5.51) were added, the pH of the mixture 
adjusted to pH 5 by the addition of 3M hydrochloric acid (100 ml), and the phases were 
separated. The organic phase was washed with 15% w/w brine (5.51), then separated. The 
organic phase was concentrated under reduced pressure (4.81 of solvent removed) to give 
2-[((3a/J54iS'567?,6aS}-6-{[5-amino-6-chloro-2-(propylsulfanyl)-4-pyrimidinyl]ai^ 
dimethyltetrahydro-3a/?-cyclopenta[if|[l ,3]dioxol-4-yl)oxy]-l-ethanol as a brown-red 
viscous oil containing ethyl acetate. The product is used.without further purification in the 
following step. 

Step 2: Preparation of [3aR-(3aa,4a,6a,6aa)]-2-[[6-[7-chloro-5-(propyltiiio)-3/r" 
[ 1 ,2,3]triazolo[4,5-<|pyrimidin-3-yl]tetrahydro-2,2-dimefhy W 

cyclopenta[(5rt[l,3]dioxol-4-yl]oxy]ethanol (alternatively named 2-({(3a/?,4iS,6i?,6aS}-6-[7- 
chloro-5-(propylsulfanyl)-3i?'-[ 1 ,2,3]triazolo[4,5-£qpyrimidin-3-yl]-252- 
dimethyltetrahydro-3aff-cyclopenta-M[ 1 ,3]dioxol-4-yl}oxy)-l -ethanol). 
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O 



N 




^ O 




2-[((3a/?,45,6i?,6a^-6-{[5-Aimno-6-chloro-2-(propylsulf^ 
pyriiTiidinyl] amino } -2,2-dimethyltetrahydro-3 ai7- 

ethanol, as obtained in Step 1 was dissolved in acetic acid (5.75kg) and water (650ml), The 



in water (1.251) was added such that the mixture temperature was held below 7°C. The 
mixture was then allowed to warm to T^'C then etiayl acetate (8.9kg) was added. Aqueous 
potassium carbonate solution (41, 37%w/w) was added. The mixture was separated and the 
organic phase washed with further aqueous potassium carbonate solution (S.Skg, 21% 
10 w/w). The aqueous phase was discarded and the organic phase concentrated imder reduced 
pressure to give the sub-titled compound as a red-brown viscous oil used without further 
piirification in the following step. 

Step 3: Preparation of {3aR-[3aa,4a,6a(lR*,2S*),6aa]}-2-[6-({7-[2-(3,4-difluorophenyI) 
15 cyclopropyl]amino-5-(propylthio)-3H-l,2,3-triazolo[4,5-d]pyrimidin-3-yl}tetrahydro-2,2- 
dimethyl-4H-cyclopenta-l53*dioxol-4-yl)oxy]ethanol (alternatively named 2- 
({(3a;?,45',6i?,6a5)-6-[7-{[(li?,2iS)-2-(3,4-difluorophenyl)-cyclopropyl]am^ 
(propylsxilfanyl)-3Jy-[ 1 ,23]triazolo[4,5-cnpyrimidin-3-yl]-2,2-dimethyltetrahydro-3a^r- 
cyclopenta[<5r] [1 ,3]dioxol-4-yl} oxy)- 1 -ethanol). 



5 resulting solution was cooled to 2°C (with stirring) and a solution of sodium nitrite (232g) 




20 
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/7W25'-(li?,2iS)-2-(3,4-Difluorophenyl)cyclopropanaminirm (2i2)-2-hydroxy-2- 
phenylefhanoate (0.77kg) was charged to a vessel followed by a solution of 2- 
({(3a/?,4iS',6ie,6a5)-6-[7-cMoro-5-(propylsulfanyl)0/Z-[l,2,^ 

yl]-2,2-diniethyItetrahydro-3afl-cyclopenta-[<i] [ 1 ,3]dioxol-4-yl} oxy)- 1 -ethanol (prepared 
as in Step 2) dissolved in acetonitrile (3.85kg). To the resulting stirred mixture was added 
triethylamine (0.81kg) at such a rate that the reaction temperature was maintained between 
20-25^C. The reaction mixture was stirred for 13 h then concentrated at reduced pressure at 
30°C. To the residue was added ethyl acetate (8.1kg) and water (4.61). The pH of the 
stirred two phase mixture was adjusted to pH 4 by the addition of 3M HCl (45Gml). The 
mixture was then allowed to settle and separate. The aqueous phase was separated and the 
retained organic phase was washed with 15% w/w aqueous sodium chloride solution 
(4.15kg)5 file organic phase was concentrated under reduced pressure at 30-50°C giving the 
crade title compound as a red oil, that was used directly in the next step. 

Step 4: Preparation of [15'-[la,2a,3P(15'*,2i?*),5P]]-3-[7-[2-(3,4-difluorophenyl)- 
cyclopropylamino]~5-(propyltMo)-3i7-l52,3-triazolo[4,5-^^]pyrimidin-3-yl]-5-^^ 
hydroxyethoxy)cyclopentane-l,2-diol (alternatively named (15',25',3i?,55)-3-[7-{[(li?,25)- 
2-(3,4-Difluorophenyl)cyclopropyl]ainino}-5-(propylsulfanyl)-3i/-[l,2,3]triazolo[4,5- 
rf]pyrimidin--3-yl] -5-(2-hydroxyethoxy)- 1 52-cyclopentanediol). 



Aqueous hydrochloric acid (3 4.81), was added to a stirred solution of 2- 
({(3a72,45',67?,6a5)-6-[7-{[(li?,25)-2-(3,4-difluorophenyl)cyclopropyl] 
(propylsulfanyl)-3if-[ 1 ,23]triazolo[4,5-<i]pyrimidin-3ryl]-2,2-dm 

cyclopenta[rfj[l33]dioxol-4-yl}oxy)~l-ethanol (1.931kg) in methanol (13.4kg)5 maintaining 
the temperature during the addition between 20 and 25°C. The mixture was then stirred for 
24 h at 20''C. Sodium hydroxide (45% w/w aqueous solution; 780ml) was then added to 
adjust the pH of the mixture to pH 7.2. The methanol was then removed by distillatipn at 




HO 



OH 
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reduced pressure and ethyl acetate (143 kg) added. The mixture was heated to 45° and the 
aqueous layer separated. The organic phase was then washed 15% w/w aqueous sodium 
chloride solution (7.2kg). Ethyl acetate (101) was removed by distillation at reduced 
pressure. Fresh ethyl acetate (7.2kg) was charged and the mixture filtered. The filter was 
washed with ethyl acetate (1.5kg). The combined filtartes were dried by repeated 
addition/distillation of ethyl acetate. When the solution was dry, the product content of the 
ethyl acetate solution was determined by a chromatographic assay technique and found to 
contain 1016g of product, the concentration of the ethyl acetate was adjusted until a 
concentration of 5ml ethyl acetate / g of the crude product was reached. The ethyl acetate 
solution was heated to 47°C and isooctane (2.5ml/g product, 2540ml) was then added over 
15 min. The resulting slurry was stirred for 30 min. then more iso-octane (2540ml) was 
added over 5 mins. The resulting mixture was stirred at 48-5 O^C for 30 min then cooled to 
lO'^C over 3h. The slurry was stirred at 20°C for 6.5 h then filtered and washed with a 
mixture consisting of iso-octane (1 .25kg) and ethyl acetate (1 .6kg). The collected solid was 
dried in vacuo to give the title compound (920g). 

If desired, the crude product can be fixrther purified by employing one of the 
following three methods. 

Recrvstallization fi:om ethyl acetate / iso-octane 

The crude product is dissolved in ethyl acetate (4.8 ml/g) at 55''C, then filtered to 
remove particles. The clear solution is taken back to the reactor for recrystallisation and the 
temperature is set at 50°C. iso-Octane is then added (4.8 ml/g) during 10 min. The slurry is 
allowed to stand for 30 minutes after which it is cooled to 20°C during 2-3 hours and 
finally the temperature is kept at 20°C for about 30 minutes. The product is then filtered 
and washed with iso-octane (2x1 .5 ml/g). The product is dried imder reduced pressure at 
50°C giving pure product (>98% pure by h.p.l.c. analysis). 
Slurry with n-butvl acetate 

The crude product is suspended in n-butyl acetate 4 ml/g and stirred at room 
temperature for 10 hours. The slurry is cooled to O^'C during 3-4 hours and kept at O^C for 
1 hour. The product is filtered and washed with 2 ml/g of cold n-butyl acetate (<0°C). The 
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product is then dried in vacuo at SO^C, giving pure product (>98% pure by h,p.l.c. 
analysis). 

Slurry with iso-propanol 

The crude product is suspended in iso-propanol 3 ml/g and stirred at 50°C for 72h. 
5 The slurry is then cooled to 20°C during 3 hours and the temperature is kept at 20°C for 
about 30 minutes. The product is then filtered and washed with 1 ml/g of cold iso-propanol 
(<0°C). Finally, the product is dried under reduced pressure at 50°C giving pure product 
(>98% pure by h.p.l.c. analysis). 
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CLAIMS 

1 . A compound of fonnula (I) : 



CI 




2. A process for preparing a compound of formula (I), comprising reacting a 
compound of fomiula (II): 



CI 




with a salt of a compound of formula (III): 




3. A process for preparing a compound of formula (I) as claimed in claim 2 
comprising hydrogenating a compound of fonnula (IV): 

(IV) 



wherein Ar is phenyl optionally substituted by halogen, Ci^ alkyl or Cm alkoxy; 
to give a compound of formula (II), and reacting the compound of fomiula (II) with 
. a compound of formula (III) to provide the compoimd of fonnula (I). 
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A process for preparing a compoxind of formula (II): 

CI 

HzNvA^ (II) 



CI" ^N' 

comprising hydrogenating a compound of formula (IV): 

(IV) 




wherein Ar is phenyl optionally substituted by halogen, C1-4 alkyl or Ci^ alkoxy. 



A process for preparing a compoimd of formula (II) as claimed in claim 2, 
comprising chlorinating a compound of formvila (VIII): 

OH 

1 (VIII) 

wherein Ar is phenyl optionally substituted by halogen, C]_4 alkyl or Ci^ alkoxy, to 
provide a compomd of formula (IV), and then hydrogenating the compo\ind of 
formula (IV). 



The use of a compound of formula (I) to prepare a compound of formula (A): 



OH 




(A) 



HO OH 



comprising: 
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(a) reacting a compoxmd of formula (I) with an alkali metal nitrite in the presence 
of a suitable acid to prepare a compound of formula (VH): 

.OH CI 



/UM I 



(VII) 



o. 



o 



(b) coupling the compound of formula (VII) with a compoimd of formula (VI): 




(VI) 



10 



to provide a compound of formula (V): 



OH N 





o 



(V) 



and, 



(c) deprotecting a compound of formula (V) to provide the compound of formula 
(A). 



A process for preparing a salt of a compound of formula (III): 

(111) 



HO' 
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comprising reacting a compound of fommla (III) with the necessary acid. 
8. A process for preparing a salt of a compoimd of formula (III): 

comprising the steps: 

(a) preparing a compound of formula (XI): 




by reacting a compound of formula (XII): 




with benzyl chloroformate; 
(b) preparing a compound of formula (X): 




by reacting a compound of formula (XT) with a compound L-CH2CO2R* 
{wh^ein R* is Ci^ aUcyl; and L is a leaving group}; 
(c) preparing a compound of formula (IX): 
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X 



X 



(IX) 



by reducing a compound of formula (X); 
(d) prqparing a compound of formula (III): 

xy ^"'^ 



by deprotecting a compound of formula (IX); and, 
(e) preparing a salt of a compound of formula (III) by reacting the compound of 
formula (III) with the necessary acid. 



9. An intermediate compound of formula (II), (IV), (VII), (VHI), (X) or (XI) or a salt 
of a compound of formula (III). 
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3. As only some of the required additional search fees were tunely paid by the applicant, this international seardi report 
covers only those claims for which fees were paid, specifically claims Nos,: 1 , 2 , 6 , 9 



4. Q No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims it is covered by claims Nos.: 



Remark on Protest Qjj The additional search fees were accompanied by the applicant's protest. 

No protest accompanied the payment of additional search fees. 



FoiTO PCT/FSA/210 (continuation of first sheet (1» (Julyl99S) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/SEOl/01241 



According to Article 34(3) (a-c) and Rule 13.2, an international application shall relate to 
one invention only or to a group of inventions linked by one or more of the same or 
corresponding "special technical features", i. e. features, that define a contribution which 
each of the inventions makes over the prior art. 

The problem the claimed invention aims to solve is a compound I : 2-[((3aR, 4S, 6R, 6aS)-6- 
{[5-amino-6-chloro-2-(propylsulfanyl)- 4-pyrimiditiyl] amino}-2,2 - dimethyltetrahydro- 
3aH-cyclopenta[d][l,3] oxy]-l-ethanol, a process for the preparation thereof and the use for 
the production of the compoxmd (A),The process is performed in several steps where the 
essential step is the formation of a pyrimidinamine connected to a cyclopenta-dioxol (Claim 
2) to form compoimd I (Claim 1). 

Claims 3-9, which confers to process steps before the formation of compound I of claim 1, 
are formally associated \vith. claim 1. However, the reaction described in claim 2 is not new 
and, as this step is to be considered as the unifying special technical featxire, there is no such 
featvire when the reaction of claim is known according to W099/ 41254. 

The reactions claimed in claims [3,7,8] and [4,5] are completely separated from the reaction 
described in claim 2. The application also contains a claim [9] concerning the 

intermediate and end products of the process. In order to fulfil the requirements of xmity of 
invention it is necessary that the intermediate compounds are closely interconnected with the 
end products. Such close connection requires that the essential structural part of the end 
product is incorporated by the intermediate. 

In the present mvention the essential structural parts are a cyclopentanyl-amine directly 
attached to a pyrimidinamine. This structural parts are however not present in all the 
compounds claimed. Consequently the present application does not fulfil the requirements of 
unity of invention. 

The application is found to contain the following three inventions: 

Invention 1 : Compounds I and VII, and a method for producing those compounds 
containing the same essential structural parts. As described in claims 1, 2, 6 and partly 9. 

Invention 2 : Compounds II, IV and VIII, and a method for producing those compounds. 
As described in claims 4, 5 and partly 9. 



Inventions : Compounds III, X and XI, and a method for producing those compounds. 
As described in claims 3, 7, 8 and partly 9. 



As a consequence of the lack of unity of the application a complete search has not been 
performed- The search comprises only what is referred to as invention 1 above. 
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